The active site of the essential, eukaryotic CDK1 kinase is generated by core structural elements, 22 among which the PSTAIRE motif in the critical aC-helix, is universally conserved in metazoans.
Introduction 41
The complexity of the eukaryotic cell and its larger genome necessitates greater control over the 42 organization of events during cellular division than for prokaryotic life. The eukaryotic protein 43 kinase, CDK1, whose activity depends on unstable Cyclin regulatory subunits, has key roles in 44 orderly triggering S and M phases from yeast to mammals (Santamaria et al. 2007 ), by sequential, 45 regulatory phosphorylation of hundreds of substrate proteins. CDK activity levels progressively 46 surpass response thresholds, to trigger serial events in S and M phases (Swaffer et al. 2016 ).
47
Quantitative changes in CDK activity function as a coarse organizing mechanism for cell cycle 48 transitions, with lower CDK activity resulting in higher affinity S-phase substrate phosphorylation, 49 to carry out DNA replication, and higher activity driving mitotic entry via the phosphorylation of 50 lower affinity mitotic substrates. CDK1 protein levels are constant during the cell cycle (Arooz et al. 51 2000) , and are activated at each phase of the cell cycle by binding of stage-specific cyclins. The 52 intrinsic activity of Cyclin-CDK1 complexes increases in correlation with the appearance of 53 particular cyclins in the cell cycle (Ord and Loog 2019) . G1/S cyclins generate CDK complexes with 54 the lowest activity, which manifests in the lowest affinities (km) and the lowest catalytic activities 55 (kcat) toward substrates, whereas S-, G2-, and M-phase Cyclins form CDK complexes with higher 56 3 affinities and catalytic activities towards substrates. The lower CDK activities generated by S-versus 57 M-phase Cyclins also means that S-phase Cyclins do not achieve sufficient CDK1 activity levels to 58 initiate mitosis, helping to ensure resolution of S-and M-phases. Compared to single-celled yeast, 59 metazoans have also evolved CDK2, with lower intrinsic activity than CDK1 in the regulation of S-60 phase (Ord et al. 2019) . Although metazoan CDK1 has become more specialized to M-phase 61 functions it still retains indispensable, ancestral, late S-phase functions (Katsuno et al. 2009; Farrell 62 et al. 2012; Seller and O'Farell 2018; Szmyd et al. 2019) .
63
In addition to modulating CDK activity, the Cyclins are also implicated in specifying CDK 64 substrate targets. Cyclins bind different substrate docking motifs: RxF for S Cyclins and LxF for 65 budding yeast M Cyclins, and these Cyclin docking pockets increase specificity to target subsets to 66 further fine-tune the CDK threshold ladder (Koivomagi et al. 2011; Ord et al. 2019) . Most CDK 67 substrates contain multiple target sites clustered in disordered regions (Holt et al. 2009 ), and 68 phosphorylation cascades along these sites are shaped by precisely oriented docking interactions 69 mediated by Cks1, the phospho-adaptor subunit of Cdk1 (Koivomagi et al. 2011) 
75
Canonical cell cycle regulation can be modified during development and growth. This is true of 76 rapid mitotic cell cycles observed during early embryogenesis in a wide range of phyla and in the 77 promotion of growth through endocycles in a number of organisms (Edgar and Orr-Weaver 78 2011).Externally developing, nutrient-rich, non-feeding, embryos are at risk of predation, and rapid 79 development is a means of mitigating this risk (Strathmann et al. 2002) . Many marine planktonic 80 larvae also continue fast development to first swimming in order to enhance survival (Staver and 81 Strathmann 2002) . The pelagic, tunicate, Oikopleura dioica, exhibits very rapid embryonic and larval 82 development, undergoing metamorphosis to a feeding juvenile within 12 h at 15 °C (Bouquet et al.
83
2009). Very rapid growth and extensive modulation of reproductive output over several orders of 84 magnitude are then achieved through deployment of a variety of endoreduplicative cell cycle variants 85 (Ganot and Thompson 2002; Ganot et al. 2007 
241
In summary, critical elements for catalysis are conserved in Oikopleura CDK1 paralogs, but they 242 diverge in binding sites for ATP and substrates, suggesting qualitative differences in catalysis. 
477
In vitro fertilization (IVF) and collection of synchronously dividing zygotes 478 Sperm solutions were prepared by transferring 5 mature males to a petri dish containing 10 ml 479 artificial seawater, on ice, and sperm quality was assessed using a Nikon Eclipse E400 microscope.
480
Mature females were transferred to artificial sea water in 24-well plates coated with 0.9% agarose, 481 artificial sea water was changed every hour. Oocytes were fertilized with 400 μl sperm solution and 482 fertilized oocytes were washed in 8 ml artificial sea water within 50 seconds. Synchronicity of 483 fertilization was verified by following polar body exclusion and early cleavages. 
494
Estimates of the gamma-shape parameter and proportion of invariant sites were then used to obtain 495 the 500 bootstrap replicates.
496

Yeast Complementation
497
We used a W303a-background yeast wild-type strain SCU893 (MATa ura3 ade2-1 trp1-1 leu2-3112 498 his3-11 bar1::hisG) and its derivative SCU112 (cdc28-4). To complement a cdc28 mutation of S. 
